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fractures (i.e., supra-physiologic compressive impact) was repli-
cated. From these fracture-impacted ankles, major osteoarticular
fragments were sampled and subjected to chondrocyte viability
analysis, using a confocal laser-scanning microscope system. For
each ankle, scans were executed at several sites near fracture
edges, as well as centrally in non-fracture areas. Chondrocytes in
the superﬁcial zone (within 100-150 microns of the surface) were
scanned upon staining with Calcein-AM (live cells)/Ethidium Ho-
modimer (dead cells), and site-speciﬁc cell deaths rates (= dead
cell count/total cell count) were computed. The ﬁrst two ankles
were studied immediately after insult (within 8 hrs), and the third
after 2 days of culture, while the fourth was scanned at both time
points. In the 3rd and 4th specimens, in addition to the very “near-
edge” sites (600-micron-square ﬁeld including a fracture edge),
cell variability at “next-to-edge” sites (the 600-micron-square ﬁeld
contiguous to each near-edge site) were also studied.
Results: In all ankles, comminuted distal tibial fractures occurred
(Figure 1). In the three ankles scanned immediately, appreciable
cell death (rates > 20%) was identiﬁed in 4/9 fragments, but
only at near-edge sites. In the two ankles studied after 2-day
culture, 10/11 fragments had appreciable cell death at near-edge
sites, and the cell death rate was higher than in the “immediate”
fragments (p = 0.02, Figure 2). At either time point, the rates were
higher at near-edge sites than at non-fracture sites (p < 0.05).
The cell death rate at the next-to-near-edge sites was lower than
at the near-edge sites (p = 0.008, Figure 3).
Figure 1. Fractures created at the human distal tibia.
Figure 2. Chondrocyte viability (mean ± SD) at near-edge and non-fracture
sites, at immediately and 2 days after fracture impact. Numbers above the devi-
ation bars indicate total sites scanned.
Conclusions: Morphologically, the fractures created were very
similar to clinical pilon fractures, suggesting that the natural injury
mechanism of human ankle IAFs was reasonably replicated in this
model. The high cell death rates occurring only near fracture edges
in these initially nearly fully viable specimens are consistent with
Figure 3. Chondrocyte viability at near-edge and next-to-edge sites, at 2 days
after fracture impact (mean ± SD, n=9).
previously-reported human clinical ﬁndings (in small osteoarticular
fragments retrieved at various time points) [Kim et al., OA & Car-
tilage 2002; Hembree et al., JBJS-Br 2007]. The time-dependent
progression of chondrocyte death in damaged cartilage implies
that there may be a certain window of time during which biologic
treatment may be able to inhibit the pathologic cascade leading to
post-traumatic OA.
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Purpose: Cartilage degeneration is the central feature in os-
teoarthritis (OA), but it is associated with concomitant changes
in all the structures of the joint, in particular the subchondral
bone. Articular chondrocytes express and synthesize OPG, RANK
and RANKL. However, in spite of the relevance of these proteins
in the adjacent bone metabolism there is still little known about
their regulation in the cartilage. Our aim was to explore if this
system is modiﬁed in the cartilage during OA and to assess if
PGE2 synthesis inhibition modulates its synthesis in the cartilage
of OA patients. We also investigated if PGE2 modify this system
in human osteoarthritic chondrocytes (HOC) in culture.
Methods: Human cartilage was obtained during knee replace-
ment surgery after a 3-month controlled, clinical trial, carried out
on 20 patients with severe knee OA (Mankin score 11.4±0.4).
Ten patients were treated with Celecoxib (CBX) (200 mg/24h),
while OA patients who did not want to be treated served as the
untreated group (UNTR). To compare the synthesis of OPG and
RANKL in OA and healthy cartilage, we employed an experimental
model of OA induced by anterior cruciate ligament transection and
partial medial meniscectomy in mature rabbits (10 months old).
Rabbits were sacriﬁzed four months after knee surgery, when left
knees were considered as OA, and right knees were considered
as healthy controls. Human and rabbit articular cartilage were pro-
cessed for western blot, real time PCR and immunohistochemical
studies. In HOC in culture we also examined the effect of PGE2
on OPG, RANK and RANKL synthesis.
Results: RANKL synthesis was signiﬁcantly induced (6-fold) in
the rabbit OA cartilage in comparison to healthy one, while no
changes were observed for OPG. So, the ratio OPG/RANKL was
signiﬁcantly inhibited in OA cartilage in comparison to healthy one.
In the cartilage of OA patients, CBX did not modify OPG or RANK
synthesis, while it signiﬁcantly inhibited RANKL synthesis, thus
increasing the ratio OPG/RANKL in comparison with UNTR. By
immunohistochemistry, we observed that OPG and RANKL were
mainly expressed in chondrocytes in all cartilage zones, although a
clear pericellular and extracellular signal was also observed. Unex-
pectedly, vessels crossing the tide mark, the tide mark-embedded
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chondrocytes, and some cells in the calciﬁed cartilage, stained
positively for RANKL. No differences in the protein distribution
between the two groups of patients were observed. In HOC in
culture, PGE2 elicited a dose and time-dependent increase in the
synthesis of OPG and, to a signiﬁcantly higher extent, those of
RANKL. Confocal microscopy revealed that PGE2 induced RANKL
transport to the cell membrane.
Conclusions: These data indicate that OA induces a resorptive
signal in the cartilage by modulating OPG/RANKL ratio. Long-
term NSAID treatment inhibited the resorptive signal synthesized
by chondrocytes, especially RANKL synthesis, an effect probably
mediated by the inhibition of local PGE2 concentration. In vitro,
PGE2 regulates the expression and the release of the key medi-
ators of bone metabolisms by articular chondrocytes. The role of
this system in OA cartilage metabolism is still unknown, although
it would allow the cartilage to control the activity of subchondral
bone cells in a paracrine fashion.
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Purpose: Onset and progression of osteoarthritis (OA) are as-
sociated with obesity. Since not only knee OA but also hand
OA is associated with obesity, systemic metabolic factors next to
mechanical factors might inﬂuence this process. Recent studies
showed that adipose tissue is not only able to secrete adipokines
but also cytokines such as IL-1beta and IL-6. We hypothesized
that factors excreted by adipose tissue contribute to the onset and
progression of OA.
Methods: Explants of Hoffa’s fat pad obtained during total knee
replacement of 19 OA patients were cultured separately in medium
for 24 hours in a concentration of 50 mg/mL resulting in 19 different
batches of fat conditioned medium (FCM). Explants of healthy
cartilage were cultured in FCM (1:1 with fresh medium) for 48
hours. Cytokine, chemokine, adipokine and growth factor content
(Luminex) of the FCM, NO production by the cartilage, and gene
expression in the cartilage were determined. Principal component
analysis (PCA) was used to reduce the data of the mediators
that are correlated. The 45 mediators measured in the FCM were
entered in the PCA. Using Eigen values >1, ten components were
suggested. These components were examined for correlation with
the cartilage parameters.
Results: The inﬂammatory cytokines IL-1beta and TNFalpha were
present in very low amounts in the medium conditioned by fat from
osteoarthritic joints (range from 0 - 17 pg/mL). In contrast, IL-6
(289 - 8840 pg/mL), leptin (35 - 7395 pg/mL) and adiponectin
(33642 - 222592 pg/mL) were present in high amounts. Other
factors present in high amounts the FCM were IL-8, FGF2, MCP-1
and resistin. NO production in response to the FCM decreased
or remained unchanged compared to the control condition with-
out FCM. MMP-1 and collagen type II gene expression mostly
decreased in response to FCM. MMP13 and MMP3 expression
varied more, depending on the FCM batch and thus the donor of
the Hoffa’s fat pad. Aggrecan gene expression increased after ad-
dition of some FCM batches. In the principle components analysis
it was possible to account for over 86% of the total variance in
adipose secreted factors using 10 principle components. Four of
these components correlated with the MMP-1 and collagen type
II gene expression in cartilage in response to the FCM. Another
one of these components had a negative correlation with MMP-13
gene expression in response to the FCM (R = -0.75, p < 0.001).
Conclusions: The Hoffa’s fat pad from OA patients excreted
several cytokines, chemokines, adipokines, and growth factors. By
using principle PCA, we were able to identify 10 components,
which contain secreted proteins that share an expression pattern.
Some of these components correlated with cartilage parameters.
Thus, medium conditioned by Hoffa’s fat pad is able to inﬂuence
healthy cartilage metabolism, depending on the donor of the
Hoffa’s fat pad. Further (statistical) analysis is needed to examine
what is represented by these components and to elucidate the
effect of adipose tissue on healthy cartilage.
200
CARTILAGINOUS TISSUE FORMED BY CO-CULTURE OF
PRIMARY CHONDROCYTES WITH DEDIFFERENTIATED
CELLS
D.W. Taylor, N. Ahmed, A.E. Gross, M. Grynpas, R.A. Kandel
Mount Sinai Hosp., Toronto, ON, Canada
Purpose: Cell source is one of the limitations preventing the clini-
cal application of cartilage tissue engineering. Sufﬁcient numbers
of cells can not be obtained from sparsely cellular cartilage and
this can not be overcome by in vitro cell expansion as chon-
drocytes lose their phenotype in monolayer culture. As part of
a cartilage tissue regeneration project, we have shown previ-
ously that human dedifferentiated articular chondrocytes can form
cartilage tissue in vitro when co-cultured with bovine primary (non-
passaged) chondrocytes. In this study we examine co-cultures
over a four week period in order to characterize the newly formed
tissue and to determine the optimal time for the second stage- in
vivo implantation.
Methods: Bovine articular chondrocytes were harvested from
metacarpo-phalangeal cartilage and human chondrocytes from
normal articular cartilage resected during soft tissue tumor surgery
(approved by the hospital ethics board). Co-cultures consisted of
200-fold expanded human cells (hP2) (1.6×106 cells/ﬁlter) and
bovine primary chondrocytes (bP0) (0.4×106 cells/ﬁlter) seeded
onto membrane inserts. hP2 and bP0 cells were grown alone as
controls. Tissue formation was evaluated histologically by tolui-
dine blue staining, type II collagen immunostaining, and trans-
mission electron microscopy. Proteoglycan and collagen content
of papain digested tissue was determined spectrophotometrically
by dimethylmethylene blue dye-binding assay and chloramine-
T/Ehrlich’s reagent, respectively. Hoechst dye 33258 was used to
determine DNA content. Total RNA was extracted with Trizol and
gene expression determined using quantitative PCR relative to
hP2 cultured alone. Experiments were done in triplicate and re-
peated 3 times. The data was pooled, expressed as mean ± SD,
and analyzed by ANOVA. Signiﬁcance was assigned at p<0.05.
Results: Histological examination demonstrated that hP2 cells
cultured alone did not form cartilaginous tissue and failed to
show proteoglycan accumulation beyond the ﬁrst week. However
when grown in co-culture, these cells formed tissue containing
proteoglycan-and type II collagen by 2 weeks in culture. In bP0
cultures tissue formation was evident by 1 week. Collagen and
proteoglycan content in the co-culture generated tissue continued
to increase during the four weeks of culture. bP0 cells accumulated
collagen and proteoglycans until 3 weeks after which there was
no further increase. After four weeks, the tissue formed by the
co-culture appeared thicker than the tissue formed by bP0 alone.
TEM showed no evidence of direct cell to cell contact at any time.
Both bP0 and co-culture showed an increase in type II collagen
gene (col 2) expression after 48 hrs. of culture followed by a dip
after the ﬁrst week. Expression then increased 10,000 fold at week
2 and these levels were sustained till week 4. Sox9 expression in
